B
ACK PAIN CONTINUES TO BE A leading cause of disability in the United States and is one of the most common reasons for seeking evaluation by a physician, second only to the common cold. [1] [2] [3] Nonsurgical interventions remain the firstline of therapy; however, many patients eventually progress to surgical treatments with 1 option including fusion. Spinal arthrodesis (fusion) as a treatment for back pain has rapidly evolved with the development of advanced spinal instrumentation and biologics to promote bony fusion. 4 Bone-morphogenetic proteins (BMPs) represent a family of differentiation factors that promote bone creation and remodeling. 5 Clinical use of recombinant BMP protein was approved by the US Food and Drug Administration (FDA) in 2002 for surgery of the anterior lumbar spine to promote bone fusion. 6 Two BMP products are commercially available for clinical use, BMP-2 (INFUSE, Medtronic, Memphis, Tennessee) and BMP-7 (OP-1 Putty, Stryker, Kalamazoo, Michigan). BMP-2 is approved for anterior lumbar interbody fusion in skeletally mature patients and BMP-7 received a humanitarian use device approval in 2003 for revision intertransverse lumbar fusion in compromised patients. 6, 7 Due to robust bone forming properties, BMP use may increase the likelihood of bony fusion thereby decreasing the undesired outcome of pseudarthrosis or nonunion.
An additional clinical benefit relates to the decreased morbidity from bonegraft harvest because solid fusion may be achieved without the need for autologous graft. 9, 10 Although BMP is FDA approved for use only in the lumbar spine, recent work has focused on applications at other spine levels, including use in cervical interbody fusion. 11, 12 Complications following use of BMP in humans have been reported for both lumbar as well as cervical fusion procedures. [12] [13] [14] [15] [16] [17] [18] The finding of postoperative neck edema following use in the anterior cervical spine has been reported to occur in 7% of patients in a retrospective review of 200 cases, while a smaller study of 30 cases reported a rate as high as 50%. 15, 16, 19 The FDA recently released a public health notification regarding 38 reported complications related to neck edema with resulting airway or neurological compression in the past 4 years following use in cervical spine fusion. 20 The current rates and patterns of BMP use since the clinical introduction more than 5 years ago are not known at the national level and no population-based data are available. Likewise, the complication rates and financial impact associated with national BMP usage have not been evaluated. The objective of this study was to examine the national trends in the adaptation of BMP into clinical practice since 2002 and the association between BMP use and postoperative complications, length of stay, and hospital charges.
METHODS
The Nationwide Inpatient Sample (NIS) database, a nationwide sample of hospital discharge records, is part of the Healthcare Cost and Utilization Project and contains data from 5 to 8 million discharges each year. 21 The NIS discharges include all payers and are from a sample of hospitals that approximates a 20% sample of US community hospitals. The NIS and other administrative databases have been extensively used for analysis of trends in spinal surgery. [22] [23] [24] [25] [26] 28 for use on ICD-9-CM codes. 29 Due to the small number of patients with Charlson comorbidity scores greater than 11, patients with a score of 11 or greater were analyzed together. Zip code income quartile was included to evaluate the interaction between BMP use and patient socioeconomic status. Unadjusted odds ratios (ORs) and 95% confidence intervals (CIs) were determined for the association of patient and operative characteristics with likelihood of BMP use during fusion.
Complications included only those reported during the postoperative inpatient hospitalization following the fusion procedure. Complications were identified using a modified classification scheme as described by Wang et al 23 and are listed in The primary outcome was defined as the occurrence of at least 1 complication. To allow practice patterns to stabilize, the analysis of complications was limited to lumbar, thoracic, and cervical fusions performed in the most recent year of the NIS database, 2006, involving patients older than 18 years.
Unadjusted ORs and 95% CIs were determined for the association of any complication with BMP usage. Multivariable logistic regression was used to calculate the ORs for complications after adjusting for age, sex, race, clinical diagnosis other than disk herniation or degenerative disease, category of Charlson comorbidity score, household income quartile based on patient address zip code, nonelective admission, levels of fusion performed, revision or primary fusion, geographic region, and surgery at a teaching hospital. The NIS database contains the following race categories: white, black, Hispanic, Asian, Pacific Islander, and other or unknown. Due to relatively small numbers of Hispanic, Asian, and Pacific Islander subjects, race was analyzed as white, nonwhite (black, Hispanic, Asian, Pacific Islander), and other or unknown race.
Postoperative length of stay and the total charge for the hospitalization were directly obtained from the NIS data. The NIS database provides information only on the total charge for the inpatient hospitalization. This charge represents the sum of all charges during the hospitalization except for professional fees.
Logarithmic transformation was used for length of stay and total charges when performing the analyses because of the significant positive skew of the data. Multiple linear regression analysis was performed to examine the association between BMP use and hospital charges or length of stay. Statistical significance was defined as a type I error (␣) less than .05. The large sample size permitted a statistical power of at least 80% to detect the following absolute differences in complication rates between groups: 1% difference for anterior cervical cases, 2% difference for posterior cervical fusions and thoracic fusions, and 0.5% difference for lumbar fusions. Statistical analyses were performed with unweighted data with SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). Table 1 . The mean age of patients undergoing spinal fusion with BMP was 53.79 years compared with 53.26 years for fusions without BMP (P Ͻ .001). There were differences in BMP utilization according to patient and a number of operative characteristics (Table1). For lumbar fusion, BMP use was not associated with increased frequency of complications (6.97% vs 7.18%; OR, 0.96; 95% CI, 0.89-1.05). Complications were significantly more frequent in lumbar fusions with increasing age (incremental OR, 1.01; 95% CI, 1.01-1.02), nonwhite compared with white race (9.15% vs 6.92%; OR, 1.35; 95% CI, 1.19-1.54), increasing Charlson comorbidity score (incremental OR, 1.28; 95% CI, 1.24-1.32), and a diagnosis other than degenerative disease or disk herniation (9.02% vs 6.34%; OR, 1.46; 95% CI, 1.34-1.59). Likewise, complications were more frequent for nonelective than for elective surgeries (10.29% vs 6.77%; OR, 1.57; 95% CI, 1.40-1.77), revision fusions compared with primary fusions (9.78% vs 6.89%; OR, 1.46; 95% CI, 1.28-1.67), and fusions with 4 or more vertebrae fused compared with 2 to 3 vertebrae (11.51% vs 6.48%; OR, 1.87; 95% CI, 1.69-2.07).
RESULTS

Nationwide
Multivariable logistic regression was then used to simultaneously adjust for the patient characteristics of age, sex, race, income, diagnosis, medical comorbidities, nonelective admission status, primary payer, as well as the operative variables of the number of levels reported fused during the procedure, revision surgery, hospital location, and teaching hospital status. For lumbar, thoracic, and posterior cervical fusion, BMP use was not associated with increased odds of complication after multivariable adjustment (OR for posterior cervical fusion, 1.03; 95% CI, 0.73-1.44; thoracic fusion, 1.05; 95% CI, 0.83-1.32; and lumbar fusion, 1.03; 95% CI, 0.95-1.12). Complications were more frequent in anterior cervical fusions performed with BMP after multivariable adjustment (OR, 1.43; 95% CI, 1.20-1.70). The adjusted ORs for individual complications in anterior cervical fusion are listed in TABLE 4. Higher adjusted odds for occurrence of wound complications such as hematoma or seroma as well as dysphagia and hoarseness were seen in cases that used BMP (OR, 1.67; 95% CI, 1.10-2.53 for wound complications; OR, 1.63; 95% CI, 1.30-2.05 for dysphagia or hoarseness).
The association between BMP use and postoperative length of stay and total hospital charges for the fusion procedure was determined. The median length of stay and median total charges, as well as the unadjusted and adjusted percentage change with BMP use are listed in TABLE 5. In unadjusted analyses, the use of BMP was associated with a 3.89% (95% CI, 1.46%-6.38%) longer length of stay in anterior cervical fusion. For thoracic fusions, the use of BMP was associated with a 7.95% (95% CI, −12.96% to −2.66%) shorter length of stay. After multivariable adjustment for patient and operative characteristics, BMP use was a significant predictor of a longer length of stay for anterior cervical fusions (2.30% increase; 95% CI, 0.35%-4.29%), posterior cervical fusions (12.06% increase; 95% CI, 5.84%-18.64%), and lumbar fusions (3.17% increase; 95% CI, 2.24%-4.11%).
BMP use in all categories of fusions was associated with greater total hospital charges. The greatest percentage increase was found for BMP use in anterior cervical fusion, for which the median hospital charge without BMP was $31 179 and with BMP $46 112. This corresponded to 41.58% (95% CI, 38.04%-45.21%) higher charges on univariate analysis and 36.37% (95% CI, 33.36%-39.45%) higher charges after multivariable adjustment. Likewise, for posterior cervical, thoracic, and lumbar fusions with BMP use, total adjusted hospital charges were greater by 13.98% to 37.24%, respectively.
COMMENT
Although no formal utilization guidelines exist, BMP use has been rapidly incorporated into the practice of spinal fusion since the clinical introduction in 2002 and is now used in approximately 25% of all fusions nationally. To our knowledge, this is the first report to examine the national patterns of use of this novel biological agent for spine fusion and provides insight to the widespread application of the product for both FDA approved applications as well as for off-label applications such as cervical and thoracic fusions.
In these data, differences in BMP usage rates were associated with patient demographics, including sex, race, and primary payer, as well as operative and hospital characteristics. Patients more likely to receive BMP were women, white, and Medicare insured, although our findings relative to race must be interpreted cautiously in light of the large percentage of patients in the NIS database with unknown race information (approximately 30%). Although previous work has indicated that spinal fusion utilization rates vary according to race and sex, there has been no data on the disparities in utilization of novel fusion technologies such as biologics or instrumentation. 30 Additionally, although not addressed in this analysis, there have been differences in the rates of utilization of high volume hospitals for surgical procedures described for minority and Medicaid patients that may be related to our findings. 31 Likewise, geographic variation in utilization of spinal fusion and spinal fusion technology has been documented and our findings indicate differential rates of BMP use according to geographic region. 32 Postoperative complications following BMP use have been the subject of recent national debate with estimates of complications after anterior cervical use ranging from 7% to 50% in case series. 11, [14] [15] [16] [18] [19] [20] 33 These studies are limited by low sample sizes and are obtained primarily from clinical series. The current report allows for an evaluation of complications in national use in more than 17 000 fusions performed with BMP in 2006 and provides enhanced statistical power as well as a known population reference group. We found an approximately 50% higher complication rate after BMP use in anterior cervical fusion, for an overall complication rate of 7.09% (P=.01). After multivariate adjustment, the odds for wound-related complications and dysphagia or voice-related complications were significantly greater for cases that used BMP. This analysis also indicated that BMP use in lumbar, thoracic, and posterior cervical fusions was not associated with a greater frequency of inpatient complications. These findings confirm the results from smaller series yet indicate a lower complication rate than found in reports from case series.
A number of limitations exist in these data. First, the NIS database used for this analysis does not provide longitudinal data for individual patients and therefore cannot provide reoperation rates for individual patients according to BMP usage status. Within the literature, trends in the rates of revision procedures have not been evaluated since the introduction of BMP into clinical practice. Second, this analysis was of inpatient complications and does not include delayed complications in the outpatient setting; hence, length of stay is intricately associated with rate of complications. The local complications that have been described following BMP use in cervical fusion, such as edema, respiratory distress, and hematoma, have been described in both the postoperative hospitalization as well as the cause for readmission. 12, 15, 19 In an effort to address this issue, length of stay was included in the analysis without a significant change in result. Furthermore, the validity of the application of administrative databases based on ICD-9-CM codes to the analysis of postoperative complications has been evaluated and has known limitations. [34] [35] [36] Previous examination of the validity of reporting of complication rates among patients who have had spine surgery using administrative data indicates that the specificity of complication reporting is high but that the sensitivity for complication detection is lower. 35 These caveats suggest that our estimates may be viewed as a lower bound for the true rate of complication occurrence associated with BMP use and may also account for the lower complication rate reported in this study compared with prior case series. Furthermore, the actual amount of BMP used in the procedure is not coded and therefore cannot be analyzed. There is growing support for decreased complications with smaller doses of BMP, a result that would not be detectable in this analysis. Abbreviations: BMP, bone-morphogenetic protein; CI, confidence interval; IQR, interquartile range; a Adjusted for age, race, sex, income, elective admission, teaching hospital, revision surgery, diagnosis, medical comorbidities, levels fused, primary payer, and geographic location of hospital.
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